• Cereal rye and wheat cover crops produced similar levels of biomass as a multi-species mix.
adopted in the region and has greatly reduced erosion potential, but many no-till soils are still characterized by poor water infiltration and relatively low water-holding capacity.
Large increases in the adoption of no-till were supported by the introduction of glyphosate-resistant crops, which allowed applications of herbicides to replace all tillage events targeting weed control (Givens et al., 2009) . Unfortunately, Palmer amaranth (Amaranthus palmeri S. Wats.) resistance to the herbicide glyphosate has spread throughout the Mid-South and Southeastern United States (Nichols et al., 2009) and currently jeopardizes the no-till system. While the recent introduction of dicamba-and 2,4-D-tolerant crops will help manage glyphosate-resistant weeds in no-till systems, recent research indicates Palmer amaranth may quickly become resistant to these chemistries. In a recent recurrent sublethaldose selection experiment, Tehranchian et al. (2017) noted substantial increases in the rate of dicamba required to cause 50% mortality and found reduced susceptibility of the third generation to 2,4-D. A statement by Price et al. (2011) remains valid today: "Traditional and alternative weed control strategies, such as the utilization of crop and herbicide rotation and integration of high-residue cereal cover crops, are necessary to sustain conservation tillage practices."
Recently, the Natural Resource Conservation Service (NRCS) began promoting the use of multiple-species cover crops in Tennessee through their Conservation Stewardship Program (CSP) as a method of soil quality enhancement (USDA-NRCS, 2014) . From previously conducted research evaluating singespecies cover crops, it is clear the integration of cover crops could further reduce erosion, increase infiltration, increase soil water-holding capacity, prevent nutrient loss, and serve as an alternative weed control strategy (Basche et al., 2016; Clark et al., 1994; Dabney, 1998; Liebl et al., 1992; Ruffo et al., 2004) . Still, few studies have examined impacts of a cover crop mixture with more than three species on the following cash crop; evaluations of numerous single-and multiplespecies cover crop blends in a corn production system have found no significant impacts of species selections and/or blends on corn yields and limited impacts on cover crop benefits (Appelgate et al., 2017; Wortman et al., 2012) . Additional research must be conducted to evaluate the impacts of multiple species cover crops on the soybean production system. Furthermore, enrolling farms within the NRCS CSP would prevent the production of winter wheat, which is commonly double-cropped with soybeans. From 2014-2018, Tennessee harvested a yearly average of 380,000 acres of wheat and 1.7 million acres of soybeans (USDA-NASS, 2018) . The decision to plant wheat followed by short-season soybeans versus planting full-season soybeans largely depends on commodity prices, cash flow needs, and labor/equipment availability. Fortunately, many of the aforementioned soil erosion, infiltration, water-holding capacity and weed control benefits provided by cover crops are also provided by the production of winter wheat (Clark, 2007) . Producers considering the integration of a multiple-species cover crop into their production system need more information on the subsequent impacts of the cover crop blend on soybean production system and insight into the productivity of the system versus the wheatsoybean double crop system. Therefore, the objectives of this research were to (1) evaluate biomass production and early-season weed suppression provided by common singlespecies cover crops and a multiple-species cover crop blend and (2) determine the yield impacts of single-species cover crops and a multiple-species cover crop mixture on soybeans relative to the wheat-soybean double-crop system.
Trial Descriptions and Cultural Practices
Research trials were established at the West Tennessee Research and Education Center (WTREC) in Jackson, TN during the fall of , 2015 in Milan, TN during the fall of 2014 and 2015. Soil at the MREC location was classified as a Loring silt loam (fine-silty, mixed, active, thermic Oxyaquic Fragiudalfs) and a Memphis silt loam (fine-silty, mixed, active, thermic Typic Hapludalfs) at the WTREC location. Immediately prior to the establishment of these trials, sites had not been planted to cover crops. Trials were repeated within the same plot locations each subsequent year. Both locations were in long-term no-till and were maintained as no-till throughout these experiments.
Trial design within both locations was a split-plot, randomized complete block with four replications. The main-plot factor was winter cover crop treatment, and the split-plot factor was preemergence herbicide application. Treatments included winter fallow; cover crops including cereal rye, wheat, crimson clover, and a five-way mixture (cereal rye, oats, oilseed radish, crimson clover, and hairy vetch, referred to as mix); and wheat for grain ( Table 1 ). The main plot consisted of eight 30-inch rows 30 ft in length. Each main plot was divided between the fourth and fifth rows to evaluate weed suppression relative to a preemergence herbicide, S-metolachlor + metribuzin.
Cover treatments were selected to represent common, readily available cover crops historically grown within the region. The multiple-species mixture was constructed to (1) qualify for the NRCS Tennessee Environmental Quality Incentives Program (EQIP) (USDA-NRCS, 2014) and (2) represent a common mixture planted by participants within the program. Seeding rates were selected from ranges published in either the University of Tennessee Cover Crop Quick Facts or from the USDA-NRCS EQIP Guidelines (USDA-NRCS, 2014). Wheat for grain plots were planted at the same time as other winter cover crop treatments ( Table 2 ). The winter wheat cultivar planted was Pioneer 26R10 (Pioneer Hi-Bred International, Inc., Johnston, IA). Fertility, insects, and weeds were managed in the wheat for grain plots in accordance with University of Tennessee Extension recommendations (Raper, 2014) . Wheat for grain plots were commonly sprayed with an herbicide during late fall or early spring to control broadleaf leaves as well as Poa annua. All cover crop treatments were terminated approximately 4 wk prior to planting the fullseason soybean treatments with glyphosate + dicamba at 1.0 + 0.25 lb a.i./acre, respectively ( Table 2) . Immediately prior to termination, a biomass sample was collected from 2.70 ft 2 of each main plot unit. Samples were then dried at 140°F until a constant mass was reached.
Approximately 4 wk after termination, soybeans were planted at a seeding rate of 145,000 seed/acre with a 30-inch no-till planter. Each planter consisted of John Deere Max Emerge 2 units (Deere and Co., Moline, IL) with row cleaners, smooth double-disk openers, and round, steel closing wheels. Full-season soybean and double-crop soybean plots were managed according to the University of Tennessee Extension recommendations (McClure, 2017) . The soybean cultivar planted each year was Pioneer 47T36. Soybean planting dates are listed in Table 2 . After planting but before emergence, preemergence herbicide treatments were applied to the split plots. Treatments consisted of no preemergence herbicide or metribuzin + S-metolachlor at 0.3 + 1.3 lb a.i./ acre, respectively. The selected preemergence herbicide is a common, readily available product frequently used within the region. Approximately 21 days after application of the preemergence herbicide, all treatments were rated for weed control. Visual weed control ratings were not collected on the wheat for grain treatments because preemergence applications could not be applied to the wheat for grain treatments at the same time as the other cover treatments. Visual weed control ratings were conducted on a 0-100 scale, with 0 representing no suppression and 100 representing complete suppression (no weeds present; Frans et al., 1986) . Weed species present were similar across rated site-years; dominant species included Palmer amaranth, broadleaf signalgrass (Brachiaria platyphylla Griseb.), marestail (Erigeron Canadensis L.), and goosegrass (Eleusine indica L.). Immediately after this rating, a broadcast application of glyphosate was applied. Weeds remaining after the glyphosate application were removed by hand.
Immediately after wheat harvest, the double-crop soybean plots were planted ( Table 2 ). All soybean treatments were harvested by a plot combine at maturity and adjusted to 13% moisture. Yields from plots that received preemergence herbicide applications were analyzed to determine the impact of cover treatment on soybean yields. Immediately after soybean harvest, main plot cover treatments were again established within the same main-plot units ( Table 2) .
Statistical analyses were conducted within SAS Version 9.4 and JMP Version 14 (SAS Institute, Cary, NC). Due to variations in weather conditions experienced at the WTREC and MREC locations during the 2014-2017 seasons, each location within each year was considered an independent site-year, and each was analyzed separately. Analyses of variance were conducted using PROC GLM. Both cover treatment and herbicide treatment were considered fixed effects while replication was considered a random effect. When appropriate, means were separated at the 0.05 level of significance using Fisher's protected least significant difference (LSD).
Growing Conditions
Accumulated rainfall tracked above 30-year averages and average temperature tracked below the 30-year averages during 2014, particularly during the period following establishment of the cover treatments (Fig. 1) . The WTREC station received considerably more total rainfall than MREC. Accumulated rainfall during 2015 and 2017 tracked very closely to the 30-year average for both the WTREC and MREC locations. However, accumulated rainfall during 2016 exceeded the 30-year average beginning around 5 Mar. 2016 
Cover Crop Biomass Accumulation
Dry cover crop biomass at termination ranged from 1198 to 5563 lb/acre. While treatment separations were noted within each site-year, considerable variability in measured biomass was noted within each treatment (Table 3) . Captured variability is largely attributed to the variability of stand density and biomass throughout each plot, particularly in the mixture treatment. Typically, the cereal rye treatments reached Feekes growth stage 11.1 prior to termination while wheat treatments typically only reached Feekes growth stage 10.5.3. Planted legumes (both vetch and crimson clover) typically fell between early-and mid-bloom prior to termination.
A significant (p ≤ 0.05) interaction between cover treatment and site-year was noted. Subsequently, each site-year was analyzed separately. The wheat-for-grain treatment generated the largest quantities of biomass in the 2015 MREC and 2015 WTREC site-years (5563 and 4062 lb/acre, respectively) and was not significantly different from the treatment that generated greater quantities of biomass during other site-years (Table 3 ). The relatively low total quantity of biomass generated by the wheat-for-grain treatment at the 2017 WTREC site-year (2847 lb/acre) may be due to a delayed application of N and early-season weed pressure noted within the wheatfor-grain plots. The cereal rye treatment generated the greatest quantity of biomass during the 2016 MREC and 2016 WTREC site-years (4603 and 4851 lb/acre, respectively) and was also not significantly different from the other treatments that generated greater quantities of biomass during other site-years.
Although the mix treatment generated significantly less biomass than the wheat-for-grain and cereal rye treatment during the 2015 MREC site-year and significantly less biomass than the wheat-for-grain treatment during the 2015 WTREC site-year, the mix treatment was not significantly different from the wheat-for-grain or cereal rye treatments during the other site-years. Dominant species within the mix treatment were typically cereal rye and vetch. The wheatfor-cover treatment consistently generated less biomass than the wheat-for-grain and cereal rye treatment, but quantities of biomass were comparable to the mix treatment in all site-years except the 2017 WTREC site-year. The clover treatment consistently generated one of the lowest quantities of biomass with the exception of the 2016 WTREC site-year; the clover treatment was only significantly different from the fallow treatment during the 2016 WTREC site-year. Although the fallow treatment always generated the lowest levels of biomass, winter weeds generated considerable levels of biomass in each site-year (between 1198 and 2062 lb/acre, depending on site-year).
Visual Weed Control Ratings
Consistent, ratable weed pressure was not noted during the 2015 WTREC site-year, likely due a reduced weed seedbank from prior commercial production practices. During the 2016 and 2017 WTREC site-years, however, enough weed pressure was present to collect visual weed control ratings. Ratable weed pressure was noted at the 2015 MREC site-year (Fig. 2) . Visual weed control ratings were not collected from the 2016 MREC site-year. Analysis of visual weed control ratings resulted in several significant (p ≤ 0.05) interaction terms between site-year, cover, and herbicide. Subsequently, each site-year was analyzed separately (Table 4 ).
Analysis of weed control ratings within the 2015 MREC
site-year revealed a significant interaction between cover and herbicide treatments (p ≤ 0.05). Results from the 2015 MREC site-year captured the substantial weed suppression provided by cover crops alone; for the wheat and cereal rye cover treatments, the preemergence herbicide did not significantly increase weed control 21 days after planting. However, significant increases in weed control were noted when a preemergence herbicide was applied to the clover, mix, and fallow cover treatments; application of the preemergence herbicide increased control by 32, 24.25, and 25 for the clover, mix, and fallow treatments, respectively. Reductions in weed control provided by the clover and mix cover treatments are likely due to inconsistent stands and lower biomass compared with the wheat and cereal rye cover treatments. The lowest level of weed control was noted within the clover treatment, which did not receive the preemergence herbicide.
Analysis of weed control ratings within the 2016 WTREC site-
year also revealed a significant interaction between cover and herbicide treatments (p ≤ 0.05). Weed control ratings collected during the 2016 WTREC site-year were similar to the 2015 MREC site-year with few exceptions. First, the only cover treatment for which the preemergence herbicide did not significantly increase weed control was cereal rye; control for the preemergence and no preemergence treatments were 92.5 and 80, respectively. The fallow treatment that did not receive the preemergence herbicide resulted in the least weed suppression at 32.5. The clover treatment that did not receive the preemergence herbicide provided significantly more control than the fallow treatment that did not receive the preemergence herbicide, but the clover treatment provided significantly less weed control than the mixture and wheat treatments that did not receive the preemergence herbicide.
The interaction term between cover and herbicide treatments for weed control noted at the 2017 WTREC site-year was not significant. The fallow treatment resulted in significantly less weed control than any cover treatment (40.63 for the fallow versus 62.25-71.19 depending on cover crop species/ mixture), but none of the cover crops differed in their ability to suppress weeds. The application of the preemergence herbicide doubled the weed control noted 21 days after planting regardless of the cover crop planted (81.07 with preemergence herbicide versus 41.95 without). Fig. 2 . Images of the mix cover treatment with no preemergence herbicide at termination (A), the cereal rye cover treatment with no preemergence herbicide at termination (B), the mix cover treatment with no preemergence herbicide at 21 days after termination (C), and the cereal rye cover treatment with no preemergence 21 days after termination (D) collected at the 2015 Milan Research and Education Center in Milan, TN.
Soybean and Wheat Yields
Of the five analyzed site-years, yields were greatest at the 2015 MREC site-year (Table 5) . While yields at the 2015 MREC, 2015 WTREC, and 2016 MREC site-years (55, 46, and 49 bu/ acre, respectively) met or exceeded state average yields noted within each year (46, 45, and 50 bu/acre in 2015, 2016, and 2017, respectively) , yields at the 2016 WTREC and 2017 WTREC site-years (40 and 38 bu/acre, respectively) were lower than the state average (USDA-NASS, 2018). Reduced yields noted at the 2016 WTREC and 2017 WTREC site-years are likely due to the limited soil water-holding capacity of the selected site relative to the typical acre within Tennessee coupled with the dry late summer/early fall periods experienced during those site-years ( Fig. 1) . Acceptable soybean stands were achieved in every treatment.
Delaying soybean planting until after wheat harvest (double-cropping soybeans behind wheat) significantly reduced soybean yields for all site-years except the 2016 MREC siteyear. Since double-crop soybean yields within the region are closely linked to rainfall and late-season temperatures, it is suspected late-season rainfall noted at the 2016 MREC location supported the noted soybean yields following wheat-for-grain treatments (Fig. 1) . No significant differences in soybean yields were noted between other tested singlespecies cover crops, the cover crop mix, and the winter fallow cover treatments.
Wheat yields for the 2015 MREC, 2015 WTREC, 2016 MREC, and 2016 .2 bu/acre, respectively. Due to the delayed application of N and weed pressure within the 2017 WTREC site-year wheatfor-grain plots, interpretable yield data were not collected. Although wheat yields from this study were similar to average state wheat yields (68, 73, and 70 bu/acre in 2015, 2016, and 2017, respectively) across site-years (USDA-NASS, 2018), care must be taken in interpreting wheat yield data from this experiment; small blocks of wheat grown for grain were surrounded by other treatments and alleys that harbored pests. Although these pests were managed within wheat plots, it is likely that actual wheat yields would have been greater if the entire trial block had been managed for wheat grain production.
Summary and Discussion

Biomass Accumulation
Quantities of biomass characterized in this study are larger than studies conducted at more northern latitudes (Basche et al., 2016; Coombs et al., 2017 ) and similar to slightly lower than those conducted at similar or more southern latitudes (Wiggins et al., 2015; Reiter et al., 2008; Sainju et al., 2005) . The largest quantities of biomass were typically noted with the wheat-forgrain, cereal rye, or mix treatments. Failure of multiple-species mixtures to produce significantly more biomass than singlespecies cover crops has been previously noted by Appelgate et al. (2017) , Ospitan et al. (2018) , and Wortman et al. (2012) . Low total amounts of biomass accumulated by the clover and mix treatments during the 2015 site-years are likely due to poor winter-hardiness. Winter hardiness was also identified as a limitation for biomass accumulation by Appelgate et al. (2017) .
Weed Control Ratings
While the cereal rye, wheat, and five-way blend cover crop treatments generally provided acceptable weed control, weed control was not consistent enough to replace the preemergence herbicide. Osipitan et al. (2018) also noted cover crops to be capable of providing levels of weed control similar to chemical control, and single-and multipl-species cover crop mixes provide similar levels of weed suppression. Still, the importance of including herbicides in the cover crop system has been previously highlighted by Mischler et al. (2010) , Reddy et al. (2003) , Wiggins et al. (2015) , and Yenish et al. (1996) . It is possible, albeit beyond the power of these experiments, that a cover crop (single species or multi-species mixture) treatment could eliminate the need for a postemergence herbicide application.
Soybean and Wheat Yields
No significant impacts on soybean yield were noted from any evaluated cover crop treatment. As expected, soybean yields observed from the wheat-for-grain followed by soybean treatments were largely a function of late-season rainfall and temperatures. Results from these experiments contrast the positive and negative soybean yield responses to cover crops previously reported by Gallagher et al. (2003) and Reddy (2001) . Instead, results mirror the lack of soybean yield response noted by Duval et al. (2016) , Osipitan et al. (2018) , and Wortman et al. (2012) .
Failure of cover crop species selection to impact soybean yield may be partially explained by termination date of the cover crops (Table 2) . As termination date is moved closer to planting, yield penalties have been noted and are hypothesized to be a function of poor seed-to-soil contact and/or release of allelopathic chemicals by the cover crop (Liebl et al., 1992) . All treatments resulted in acceptable stands during these experiments. Additionally, while N-fixing cover crops have occasionally been associated with increased yields in cash crops that do not fix N (Coombs et al., 2017; Daniel et al., 1999) , increased yields are not always noted in soybeans (Moore et al., 1994) .
Practical Implications
The decision to plant a multiple-species cover crop to participate in a conservation program instead of a wheat-soybean double crop or full-season soybeans with no cover remains more complex than the sum of all short-term benefits minus short-term expenses. Still, based on results from our experiments, benefits for incorporation of a cover crop will likely not include soybean yield increases or elimination of the preemergence herbicide application. Selection of a rainfed, wheat-soybean double crop system will likely result in reduced soybean yields compared with full-season soybean treatments in rainfallnormal years. Market prices, system incentives, and long-term benefits may be more important than short-term costs/benefits when selecting a production system.
